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(57) ABSTRACT 

The present invention provides improved methods and sys 
tems to build an integrated IP netWork in Which high-quality 
services such as voice and best-effort data services can be 
provided With higher reliability and loWer cost. A neW type 
of router, called a PACS router, is disclosed in Which the user 

terminals, computer servers, access routers and other service 
terminals are connected to the integrated router. A PACS 
router includes a packet-switching fabric and a circuit 
sWitching fabric interconnected by channeliZed high-speed 
links. The PACS router creates and uses tWo types of 
channels Within channeliZed high-speed links, Which in turn 
are transported from one router to another via SONET 
netWork links. The channels are labeled as either packet 
channel or circuit-channel according to the usage of these 
channels. High-quality services are mapped into a circuit 
channel at the service originating router and routed through 
the circuit-switching fabrics in the routers. The best-effort 
services, on the other hand, are mapped into a packet 
channel, Which is terminated in each PACS router Where 
packets from packet-channels are extracted and routed hop 
by-hop according to the packet destination header address. 
A netWork built With PACS routers uses signaling and 
routing protocols to segregate traffic into different classes 
and route them using circuit-channels and packet-channels 
depending on quality of service requirements. Routing high 
quality service over circuit-channels eliminates routing 
delay typically incurred in packet-switching fabrics, 
enhances reliability from softWare malfunction in the router 
since existing connection at circuit-switching fabric does not 
depend on softWare control and enhances netWork scalabil 
ity by not having to terminate all traffic into packet-switch 
ing fabrics in every PACS router. The circuit-switching 
fabrics in the PACS routers also provide further immunity by 
fast rerouting of failed circuits via alternate routes When a 
netWork fault is detected. 
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METHOD AND APPARATUS FOR IMPROVED IP 
NETWORKS AND HIGH-QUALITY SERVICES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. provi 
sional application Ser. No. 60/550,203, ?led 5 Mar. 2004, 
entitled “Method and Apparatus for Improved IP Networks 
and High-Quality Services,” Which is incorporated by ref 
erence. 

FIELD OF THE INVENTION 

[0002] The present invention relates to communications 
netWorks in general, and, more particularly, to IP routers and 
circuit sWitches. 

BACKGROUND OF THE INVENTION 

[0003] The telephony netWork has evolved over many 
decades; particularly since the 1960s, When stored-program 
controlled sWitches With speci?c engineering requirements 
for voice telephony Were deployed. Engineering require 
ments that are critical to achieve high-quality voice tele 
phony include: (1) guaranteed bandWidth, (2) minimum 
netWork delay, and (3) a very loW probability (20.1%) that 
a netWork Would block an attempted call or drop an ongoing 
call. Transmissions that satisfy these engineering require 
ments are de?ned for the purposes of this speci?cation as 
“high-quality traf?c”. 

[0004] The Internet, on the other hand, has evolved over 
the last decade to transport mostly computer data originating 
from Web broWsing, document and music doWnloading, and 
e-commerce. Yet traf?c on the Internet surpassed the total 
traf?c on the voice telephony netWork several years ago. 
While the volume of traf?c on the Internet is increasing, 
netWork requirements for computer data traf?c need not be 
as stringent as for voice telephony, hoWever. 

[0005] The operations and maintenance of the separate 
voice telephony netWork is expensive given that the ratio of 
telephony traffic to Internet data traffic Will continue to 
decrease. 

[0006] While Internet Protocol (IP) telephony, also knoWn 
as voice over IP (VoIP) service, has been introduced several 
years ago, the quality of VoIP service has not yet been at par 
With the quality of service on the pre-existing voice tele 
phony netWork. The Internet substantially operates in a 
“best-effort” delivery mode for packets that are traversing its 
netWork. Packets are forWarded from one node (i.e., a signal 
termination or transit point in a netWork, such as an IP router 
in an IP netWork or a cross-connect in a voice netWork) in 
the netWork to the next node With no regard for the capacity 
available in the link betWeen the nodes or delay that the 
packets might encounter, and Without a guarantee that the 
packets Will be delivered to their ?nal destination. Trans 
missions made in a best-effort manner, as described above, 
are de?ned for the purposes of this speci?cation as “best 
effort traf?c”. 

[0007] The quality of VoIP services is degraded by mul 
tiple factors that include: (a) latency for a packet to travel 
from source to destination (i.e. transit delay), (b) variation in 
latency from one packet to another commonly knoWn as 
jitter, and (c) loss of packets. In an effort to mitigate the 
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degradation in service quality due to these factors, some 
characteristics of the circuit-sWitched telephony netWork 
have been incorporated into the VoIP service netWork. For 
example, Multi-Protocol Label SWitching (MPLS) has been 
developed and deployed in some best-effort packet sWitch 
ing netWorks in order to mimic the circuit-sWitching features 
of high-quality service. In spite of these improvements for 
VoIP implementation in IP netWorks, the basic nature of the 
packet sWitching devices, Wherein the header of each packet 
is examined and then the packet is forWarded to a next 
destination (i.e., the next “hop”), remains a fundamental 
challenge to providing ubiquitous high-quality VoIP service 
over an IP netWork. On the other hand, costly maintenance 
and operation of the old circuit-sWitched voice telephony 
netWork for a diminishing fraction of the total information 
traffic offers a challenge as Well as an opportunity to offer 
both best-effort traf?c and high-quality traffic in an inte 
grated netWork. 

[0008] A typical telephony netWork comprises a set of 
stored program controlled (SPC) sWitching systems, knoWn 
as Class V sWitches, Which are interconnected by digital 
links, referred to as “trunk” lines. The Class V sWitches 
provide the interconnection betWeen customer voice access 
lines and the trunk-lines. Each Class V sWitch can terminate 
up to tens of thousands of customer access voice lines. A 
circuit (i.e., the connection from a ?rst customer access line 
to a second customer access line through the netWork) is 
established through one or more Class V sWitches, and the 
connectivity is based on a signaling scheme, such as Sig 
naling System 7 (SS7). 

[0009] Each voice channel is carried on a single 64 Kb/s 
digital stream knoWn as a DSO signal. Each trunk-line 
carries multiple DSO signals in a higher level of digital 
stream; 24 DSO signals compose a DS1 signal in North 
America, While 32 DSO signals compose an E1 signal in 
Europe and elseWhere. The plurality of DSO signals are 
multiplexed into the higher level signals using Time Divi 
sion Multiplexing Hence the digital voice telephony 
netWork is also called TDM netWork. The DS1 signals are 
further multiplexed to higher bit streams using an older 
asynchronous TDM scheme to DS2 (6.312 Mb/s) and DS3 
(44.712 Mb/s) digital signals. 
[0010] A neWer TDM technique knoWn as Synchronous 
Optical NetWork (SONET) mostly used in North America 
and Synchronous Digital Hierarchy (SDH) in other parts of 
the World are used to multiplex the loWer level digital 
signals, such as DS1 and DS3, to a much higher-speed 
signal, such as OC-48 (2.5 Gb/s) or OC-192 (10 Gb/s), a 
number of Which in turn are Wave division multiplexed by 
a Wavelength Division Multiplexing (WDM) system for 
long distance transport over optical ?ber. Even though 
SONET and SDH technologies are very similar noW, his 
torically they Were developed for multiplexing 24-cahnnel 
and 32-channel digital streams to synchronous optical sig 
nals. HoWever, the tWo hierarchies and standards evolved to 
converge so that there is practically no difference betWeen 
the tWo. Thus henceforth only 24-channel terminology Will 
be used even though all aspects of this application shall 
apply equally to the 32-channel system. 

[0011] A transport netWork multiplexes loW-level signals, 
transports the multiplexed high-speed signal over a long 
distance, and then demultiplexes it to extract the loWer level 
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signal for connection to Class V switches and other service 
access systems at the distant location. In addition to the 
management of the interconnectivity of the service access 
systems, a transport netWork provides another key netWork 
function, namely, netWork protection and restoration. In the 
case of a netWork link or equipment failure, the transport 
netWork ?nds alternate route to restore affected connections 
via alternate links or routes among the service access 
systems Within a fraction of a second, thereby making the 
service systems immune to netWork failures. 

[0012] While the transport netWork provides robust con 
nectivity and management of the connectivity of voice 
sWitches, such as Class V sWitches, it does not participate in 
making decisions on hoW a DSO signal Within a trunk-line is 
used to route a call. The voice-sWitches provide the routing 
function using a signaling scheme, such as SS7, and a 
different signaling scheme, such as tip-and-ring, betWeen a 
voice-sWitch and a user terminal, such as a telephone. 

[0013] The telephony netWork meets the key voice service 
requirements by its nature of being a circuit-sWitching 
netWork and by proper engineering of the netWork. A ?xed 
bandWidth requirement to transmit a voice signal betWeen 
tWo parties is automatically met by the nature of the circuit 
sWitched netWork. When a connection is made it is of a ?xed 
bandWidth typically 64 Kb/s betWeen the tWo devices and 
the circuit is used exclusively for one call during the call 
session. Telephony netWork meets the minimum delay 
requirement also because of the nature of circuit-sWitching 
technology. A circuit sWitch device does not need to con 
tinuously process the circuit in the transit nodes once the 
connection is established. Thus, the delay for a voice signal 
from one end to the other is kept at a minimum, Which is 
essentially the transit delay, required for the electrical or 
optical signal to travel over the transmission medium. The 
requirement on minimum call blocking probability is met by 
proper engineering. Using traf?c characteristics such as 
incoming call volume, call duration etc. and traf?c engineer 
ing techniques, an appropriate number of trunk-lines are 
con?gured in a sWitch to keep the call blocking probability 
to a required minimum level. In addition, call-dropping 
probability is kept at a minimum by using the netWork 
protection and restoration techniques in the transport net 
Work to further enhance the reliability of the trunk-lines. 

[0014] An IP netWork is essentially a netWork of comput 
ers to exchange data usually betWeen server and client 
computers. An IP netWork comprises a set of IP routers that 
are connected by high-speed SONET/SDH links on one side 
and the server and client computers on the other. The 
application programs running in the client/server computers 
generate information packets each With a destination address 
added at the header of the packet. The routers then forWard 
each packet independently, using a set of routing protocols. 

[0015] Unlike in a telephony netWork, there is no signal 
ing to ?rst establish an end-to-end ?xed bandWidth connec 
tion for a packet stream in an IP netWork. Instead, each 
router has the means to generate and update a routing table, 
Which includes all reachable IP addresses in the netWork. A 
router upon receiving a packet looks at the destination 
address in the packet; checks the routing table for best match 
With the destination address and decides Which interface it 
Will forWard the packet to its next hop router. This process 
is repeated in each router on the route of a packet until it 
reaches the ?nal destination. 
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[0016] The computer application program at the other end 
removes the added information bytes from the packets and 
then assembles the packets to generate the information for 
presentation to the user, Whether it is a document, a picture 
or music. The packets from a single application may even 
arrive via different routes and in a different sequence than 
the one generated at the source. The application program 
stores these packets and rearranges the sequence for the 
information to be presented to the user. The process of 
storing the packets for rearrangement adds further delay to 
the information transport. In addition, the transmission links 
betWeen routers are shared among different applications 
passing through a router. Thus, there is no guarantee that a 
speci?c application session Will have a minimum bit rate 
capacity or bandWidth along its routes. 

[0017] In an IP netWork, packets are discarded When there 
is a shortage in link capacity. When packets are discarded, 
the application layer program detects that packets are miss 
ing, and requests the sender of the missing packets to resend 
them. The process of resending also adds to the overall 
delay. Delay, hoWever, is not detrimental to best-effort 
traffic. The IP netWork is not Well suited, hoWever, for 
applications Wherein high-quality traf?c, such as VoIP, video 
telephony and videoconferencing, is transmitted. 

[0018] IP routers are being updated With some capabilities 
to deal With these impairments. For example, some appli 
cations may extend the headers of high-quality traffic pack 
ets With one or more markers that designate these packets for 
special handling. These markers may include: source-rout 
ing, in Which the source speci?es the entire route to be taken 
by the packets; a quality of service (QoS) indicator, Which 
speci?es routing priority for high-quality traf?c packets over 
best-effort traf?c packets; or routing protocols, such as 
MPLS or VPN, Which emulate circuit behavior Within 
routers. These features mitigate, to some extent, the IP 
netWork de?ciency for high-quality traf?c. It is Well knoWn, 
hoWever, that they tend to degrade the performance of 
routers, Which are most ef?cient for routing packets that do 
not contain markers. 

[0019] A media gateWay function is required betWeen an 
IP netWork and a TDM netWork in order to provide voice 
telephony service betWeen a user connected to the IP net 
Work and another user connected to the TDM netWork. The 
media gateWay transcodes betWeen packet based voice, 
VoIP, onto a TDM netWork. 

[0020] In addition to the media gateWay function, it is also 
possible to incorporate packet sWitching fabric for VoIP 
services in the same system. The tWo sWitching fabrics may 
be implemented in a single hardWare or in separate hardWare 
but under a common control and signaling infrastructure. A 
set of signaling and routing protocols for call control such as 
SS7, SIP, MGCP and others can unify services in an inte 
grated netWork for both traditional and IP based access 
means such as voice access over Wire pairs and VoIP access 
such as cable modem and DSL. While the integrated media 
gateWay and circuit-sWitching system technology offers a 
means for interWorking betWeen the TDM voice netWork 
and IP netWork, voice calls in the IP netWork are still routed 
hop-by-hop and packet-by-packet in the IP netWork. 

[0021] The telephony netWork meets the stringent reliabil 
ity and latency requirements using circuit-sWitching tech 
nology (also knoWn as TDM technology), While an IP 
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network provides ?exible and low-cost data communica 
tions that do not impose stringent requirements for voice 
telephony. However, operations and maintenance of a sepa 
rate voice network for a small fraction of the total traf?c is 
expensive. While an integrated media gateway and voice 
switch allows voice calls to How seamlessly from IP network 
to TDM network, the cost and complexity to route both 
high-quality and best-effort traf?c in the IP network still 
remain signi?cant issues. Furthermore, efficient intercon 
nection of voice-switches continues to be problematic. In a 
network, each switch needs to communicate with every 
other switch for call set up as well as call routing. However, 
it is impractical to interconnect every switch with every 
other switch since such interconnection would require that 
the number of links grow as the square of the number of 
switches in a network. 

[0022] A traditional voice network typically deploys tan 
dem switches, which are intermediary switches that facili 
tate the interconnection of voice switches. For example, a 
tandem switch is used to route a call between two voice 
switches to which it is connected when the two voice 
switches do not have a direct link between them. The tandem 
switch routs the call in response to a request from one of the 
two voice-switches. Several layers of tandem switches typi 
cally exist in a traditional voice network for providing such 
connectivity. 

[0023] An IP network on the other hand is a ?at network 
that routes traf?c hop-by-hop. For example, traf?c between 
two routers A and D that are not directly connected but 
connected through a chain of routers B and C, with links AB, 
BC and CD, would ?ow from A to B over link AB, B to C 
over link BC and ?nally from C to D over link CD. At each 
intermediate node B and C the transport links are terminated 
and all packets are extracted at the intermediate nodes and 
reassembled in the next link with other traf?c. The termi 
nation of the transport links and routing via the packet 
switching fabrics in routers at each intermediate node is 
expensive and it is dif?cult to build larger packet fabric to 
route transit traf?c. In addition, such hop-by-hop transfer 
adds unnecessary delay in each intermediate node. Thus 
there is a need for a device to build an integrated network 
that would meet the same robustness and delay requirements 
for high-quality traffic while providing ?exible, low-cost 
and scalable transport of best-effort traf?c. 

[0024] FIG. 1 depicts an IP network according to the prior 
art. IP network 100 is a packet-switched network, ie 
information is carried from one network element to another 
by means of breaking messages up into discrete, variable 
length packets. Each packet contains a header section, which 
includes information about the destination address, source 
address, packet’s priority, etc., and a payload section, which 
contains the data that makes up a portion of the message. IP 
network 100 comprises IP routers, 1021 through 1025, which 
are interconnected in a network con?guration via links 1041 
through 1047. For example, IP router 1021 is connected to IP 
routers 1022, 1023, and 1025, via links 1041, 1044, and 1046, 
respectively. Each of links 1041 through 1047 may be an 
aggregate link of multiple OC-48 or OC-192 links. 

[0025] IP router 102i, where i=1 through 5, provides 
connectivity between user equipment 1061 through 1063 
using packetiZed data transmissions over network links 1041 
through 1047 . IP router 102i comprises logic circuitry, 
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memory, and routing information and protocols that enable 
IP router 102i to receive an information packet, examine the 
packet, determine the destination for the packet, and decide 
on an immediate, potentially intermediate, destination for 
the packet. IP router 102i then transmits the packet to its 
immediate destination over either a network link (if the ?nal 
destination is not connected to IP router 102i) or an access 
link (if the destination is directly connected to IP router 
102i). IP router 102i is described below and with respect to 
FIG. 2. 

[0026] Network link 104i comprises a plurality of OC-48 
and OC-192 signal lines, which carry high-bandwidth trans 
missions between IP routers (e.g., network link 1041 pro 
vides transmissions between IP router 1021 and 1022). In 
many instances, IP router 104i will aggregate packets that 
originated as part of different signals into a single transmis 
sion at OC-48 or OC-192 rates. 

[0027] IP network 100 operates in a best-effort, hop-by 
hop manner. For example, a transmission by user equipment 
1061, which has an intended destination 1063, is spread over 
multiple packets of data. Each packet includes header infor 
mation, which contains the intended address for that packet. 
IP router 1021 receives each packet from user equipment 
1061, and examines the destination header of each packet 
and decides which router to forward the packet to based on 
an internal connectivity table (i.e., a routing table). Each 
packet of the transmission may be sent to a different IP 
router, which is connected to 1021, and may be joined with 
other packets to compose an OC-48 or OC-192 signal. Each 
IP router that receives a packet then goes through the same 
process, wherein it examines the destination header and 
decides which IP router to which it is connected should 
receive the packet (i.e., decides on the next hop). Hop-by 
hop routing continues until each packet is received by IP 
router 102 4, which is connected to user equipment 1063. The 
packets that compose the transmission may arrive at user 
equipment 1063 in any order and each packet can incur 
various time delays that affect the total delay in user equip 
ment 1063 receiving the transmission in its entirety. 

[0028] The simplicity of best-effort, hop-by-hop routing 
and uniformity of signaling and routing protocols make IP 
network 100 easy to operate. However, IP network 100 is 
de?cient in delivering high-quality services ef?ciently, in 
providing scalability and robustness because each interme 
diate router must route transit traf?c packet by packet. 

[0029] FIG. 2 depicts a schematic diagram of the salient 
components of an IP router in accordance with the prior art. 
Router 1024, which is representative of IP routers 1021 
through 1025, comprises packet-switching fabric 2104, pro 
cessor 2124, and link interfaces 222. Processor 2124 com 
prises logic circuitry and memory and includes routing 
protocol 2144, link state database 2164, routing table 2184, 
label switching path database 2204, and signaling protocol 
218 4. 

[0030] Packet switching fabric 2104 is a matrix of elec 
tronic switches and logic circuitry that receives a packet, 
reads the destination header of the packet, compares it to the 
closest match in routing table 218 4 to determine the next hop 
destination, and sends the packet out on the appropriate 
network link where a link interface assembles the packet 
into a signal such as a SONET signal ready for transport to 
the next IP router. 
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[0031] Signaling protocol unit 21$4 sends and receives 
protocol messages through the packet fabric using the links 
1043, 1045, and 1047. Based on these messages each router 
learns the existence of other routers connected in the net 
Work and hoW they are connected i.e., the netWork topology. 
As a result, each router creates and maintains the topology 
information in link state database 2164. Link state database 
2164 is used to generate routing table 218 4 using a variety of 
algorithms such as shortest path routing. In addition, if the 
router has the capability to route a set of packets grouped in 
a data stream called a ForWarding Equivalency Class (FEC) 
based on certain criteria such as a higher QoS requirement 
using labels instead of destination headers. Then IP router 
1024 uses signaling protocol such as RSVP and CR-LDP to 
create label sWitching paths (LSP) database 2204. LSP 
database 2204 is then used to route packets based on the label 
header instead of the destination header of the packet. 

[0032] FIG. 3 depicts a schematic diagram of the salient 
components of a voice netWork in accordance With the prior 
art. Voice netWork 300 comprises voice-sWitches 3121 
through 3125 Which are connected via cross-connects 3101 
through 3105. Cross-connects 3101 through 3105 are inter 
connected by netWork links 3041 through 3047. Voice 
sWitches 3121 through 3125 are connected to cross-connects 
3101 through 3105 by trunk links 318. 

[0033] Cross-connect 310i, Where i=1 through 5, is a 
circuit-sWitching fabric and an associated fabric controller 
that interconnects any one of N inputs to any one of M 
outputs. Cross-connect 310i Will be described beloW and 
With respect to FIG. 4. 

[0034] Voice-sWitch 312i, Where i=1 through 5, is a DSO 
signal-level voice-sWitching fabric Which provides connec 
tions betWeen voice terminals 3061 and 3062. The connec 
tions betWeen user terminals 3061 and 3062 are made via 
voice-sWitches using signaling such as SS7 signaling. Cross 
connect 310i provides multiplexing of loW-speed signals 
from the voice-sWitches to high-speed signals such as 
OC-48 and OC-192 for transmission to other nodes; pro 
vides demultiplexing of a high-speed signal such as OC-48 
and OC-192 arriving from a ?rst node; connects one or more 
loW-speed signals from the arriving high-speed signal to the 
voice-sWitch connected to cross-connect 310i; and provides 
multiplexing the remaining loW-speed signals Within the 
arriving high-speed signal and one or more loW-speed 
signals arriving from the voice-sWitch 312i into a high-speed 
signal such as OC-48 and OC-192 for transmission to a 
second node in the netWork. 

[0035] Cross-connect 310i is typically operated via exter 
nal commands from a NetWork Management System (not 
shoWn). Based on forecasted demands and traf?c patterns a 
netWork design is developed Which provides the number of 
loW-speed links 318 connecting voice-sWitches 312i to 
cross-connect 310i. Based on this connectivity design, the 
cross-connect management systems con?gure cross-con 
nects 3101 through 3105 to implement the netWork design 
(i.e., the sWitch connectivity). The connectivity typically 
remains static for several months until a neW netWork design 
based on neW demand forecast is implemented. 

[0036] Cross-connect 310i also provides another key 
transport function, namely, restoration from catastrophic 
netWork failures such as a ?ber cut. When a failure is 

detected, cross-connects 3101 through 3105 autonomously 

Sep. 8, 2005 

detect the failure and reconnect the failed links via an 
alternate route using netWork links reserved for restoration. 

[0037] FIG. 4 depicts a schematic diagram of the salient 
components of a cross-connect in accordance With the prior 
art. Cross-connect 3102, Which is representative of each of 
cross-connects 3101 through 3105, comprises circuit-sWitch 
ing fabric 4142, fabric controller 4162, and TDM interfaces 
41$1 through 4184. 
[0038] Circuit-switching fabric 4142 is a matrix of elec 
tronic logic that interconnects any one of N inputs to any one 
of M outputs. 

[0039] Fabric controller 4162 is a processor, Which pro 
vides control over the connectivity betWeen each of the N 
inputs and each of the M outputs of circuit-sWitching fabric 
4142. Fabric controller 4162 interprets instructions provided 
by the NetWork Management System and translates these 
instructions into the speci?c sWitch con?guration required to 
establish appropriate connectivity Within circuit-sWitching 
fabric 4142. 

[0040] TDM interfaces 41$1 through 41$3 terminate over 
heads of incoming signals on netWork links 3041, 3042, and 
3043. Overheads include section overheads and line over 
heads of OC-48 and OC-192 signals arriving at TDM 
interfaces 41$1 through 4183, Which are ?rst terminated at 
the interfaces for netWork performance monitoring, multi 
plexing loWer level digital bit streams into higher level 
signals such as OC-48, demultiplexing of higher level sig 
nals coming from the netWork links into loWer level digital 
signals or tributaries. LoWer level digital signals in appro 
priate formats from the TDM interfaces 41$1 through 41$3 
are then sent to circuit-sWitching fabric 4142. Cross-connect 
3102 does not terminate SONET Path overhead since pack 
ets inside the SONET payloads are not extracted in the 
cross-connect 3102. 

[0041] Circuit-switching fabric 4142 then connects the 
loWer level digital signals (i.e., tributaries) to appropriate 
interfaces for multiplexing and transporting to the next node. 
Upon receiving a command from a netWork management 
system or detecting a netWork failure, affected circuit 
sWitching fabrics of cross-connects 3101 through 3105 
change their corresponding circuit-sWitching fabric 4141 
through 4145 con?gurations to, in the case of a received 
command, provide the connectivity speci?ed by the netWork 
management system, or, in the case of a detected netWork 
failure, a pre-con?gured protection circuit. Cross-connects 
3101 through 3105 do not participate in signaling that voice 
sWitch 312i uses to set up and control voice calls. 

SUMMARY OF THE INVENTION 

[0042] The present invention provides methods and sys 
tems for providing communications services in a commu 
nications netWork Without some of the costs and disadvan 
tages for doing so in the prior art. In the present invention, 
methods and systems for providing both best-effort commu 
nications data and delay-sensitive, high-quality communi 
cations data in a single integrated communications netWork, 
Which comprises a neW type of router, hereinafter referred to 
as a “Packet-switching and Circuit-switching System 
(PACS) router”. A communications netWork comprising 
PACS routers provides improved performance in some met 
rics, such as performance, cost ef?ciency, reliability and 
scalability, over communications systems in the prior art. 



US 2005/0195815 A1 

[0043] A PACS router comprises a plurality of switching 
devices, at least one circuit-sWitching fabric and at least one 
packet-sWitching fabric, and channeliZed high-speed links 
betWeen the packet-sWitching fabrics and the circuit-sWitch 
ing fabrics. There are three key elements of the present 
invention. First, a packet-sWitching fabric in a ?rst PACS 
router is connected to a packet-sWitching fabric in a second 
PACS router via circuit-sWitching fabrics in each of the 
PACS routers. Second, a link betWeen a packet-sWitching 
fabric and a circuit-sWitching fabric in a PACS router is 
channeliZed, Wherein multiple loW-speed signals are multi 
pleXed, using TDM, into a high-speed signal. ChanneliZed 
links enable the circuit-sWitching fabric to route loW-speed 
signals Without terminating their payloads to eXtract packets 
from the signals. Therefore, the circuit-sWitching fabric can 
route transit traf?c (i.e., traffic Which originates and termi 
nates in other PACS routers) Without being required to 
eXtract packets from the signals’ payloads. Third, a PACS 
router utiliZes a set of signaling and routing protocols that 
enable its packet-sWitching fabric and circuit-sWitching fab 
ric to route both best-effort traf?c and high-quality traf?c 
With higher ef?ciency, better reliability, and loWer cost. 

[0044] According to one aspect of the present invention, a 
PACS router characteriZes a loW-speed channel Within a 
channeliZed high-speed link as: (1) a packet-channel When 
best-effort traffic is being routed by the loW-speed channel; 
or (2) a circuit-channel When high-quality traf?c is being 
routed by the loW-speed channel. In a PACS router, only the 
packet-channels are terminated; packets are extracted; and 
then each packet only Within the packet-channel is routed by 
the packet fabric at each intermediate PACS router on the 
route of the packets. Circuit-channels, on the other hand, are 
not terminated at intermediate PACS routers. The circuit 
channels are routed via the circuit-sWitching fabrics at 
intermediate PACS routers so that they remain as circuits 
betWeen the originating PACS router and the ?nal destina 
tion PACS router. 

[0045] In another aspect of the present invention, an end 
PACS router, (i.e., a PACS router Which receives both best 
effort traf?c and high-quality traf?c from netWorking 
devices and user terminals to Which it is directly connected 
via acces links), segregates best-effort traf?c into at least one 
packet-channel and high-quality traf?c into at least one 
circuit-channel. It should be noted that an end PACS router 
is simultaneously an intermediate PACS router for traf?c 
that originates and terminates in other PACS routers to 
Which it is connected via netWork links. Packet-channels are 
terminated into the packet-sWitching fabrics at intermediate 
PACS routers to eXtract the packets in these channels, as is 
knoWn in the prior art. The extracted packets are then 
forWarded in hop-by-hop fashion to other PACS routers. A 
PACS router routes high-quality traf?c to another PACS 
router via circuit-sWitching fabrics Without terminating the 
channels into packet fabrics at intermediate PACS routers. 

[0046] In yet another aspect of the present invention, a 
PACS router comprises a processor, Which implements a 
control system to manage channel inventory, netWork con 
nectivity, and traf?c routing. The processor uses signaling 
and routing protocols to route both packet-channels and 
circuit-channels in the PACS netWork. A PACS router uses 
packet-channels to transmit control, protocol, and manage 
ment packets. 
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[0047] In another aspect of the present invention, a PACS 
router utiliZes its circuit-sWitching fabric to provide fast 
restoration of traffic affected by a link failure, such as a ?ber 
break. A PACS router provides faster failure detection than 
routers knoWn in the prior art. Once a PACS router detects 
a failure, it reroutes affected traf?c via its circuit-sWitching 
fabric and circuit-sWitching fabrics of other PACS routers in 
the netWork to restore connectivity. Therefore, a netWork 
comprising PACS routers is more stable and robust a net 
Work comprising routers knoWn in the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] FIG. 1 depicts an IP netWork according to the prior 
art. 

[0049] FIG. 2 depicts a schematic diagram of the salient 
components of an IP router in accordance With the prior art. 

[0050] FIG. 3 depicts a schematic diagram of the salient 
components of a voice netWork in accordance With the prior 
art. 

[0051] FIG. 4 depicts a schematic diagram of the salient 
components of a cross-connect in accordance With the prior 
art. 

[0052] FIG. 5 depicts a block diagram of the salient 
aspects of a communications netWork in accordance With the 
illustrative embodiment of the present invention. 

[0053] FIG. 6A depicts a block diagram of the salient 
aspects of a PACS router in accordance With the illustrative 
embodiment of the present invention. 

[0054] FIG. 6B depicts a block diagram of the salient 
aspects of a PACS router in accordance With an alternative 
embodiment of the present invention. 

[0055] FIG. 7 depicts a block diagram of the salient 
aspects of processor 620i in accordance With the illustrative 
embodiment of the present invention. 

DETAILED DESCRIPTION 

[0056] FIG. 5 depicts a block diagram of the salient 
aspects of a communications netWork in accordance With the 
illustrative embodiment of the present invention. PACS 
netWork 500 comprises PACS routers 5021 through 5025 and 
netWork links 5041 through 5047. PACS netWork 500 is 
interconnected to user equipment 506 via access links 508. 

[0057] PACS router 502i, Where i=1 through 5, is a net 
Work router capable of sWitching signals that comprise 
either information circuits or information packets to any 
PACS router or user equipment to Which it is connected 
based on a quality-demand associated With each signal. 
PACS router 502i is described beloW and With respect to 
FIG. 6. 

[0058] NetWork link 504i, Where i=1 through 7, is a 
multi-channel, bi-directional communications link Which 
comprises a plurality of circuit-channels and a plurality of 
packet-channels. NetWork link 504i interconnects transmit 
ters of a ?rst PACS router With receivers of a second PACS 
router to provide communication in one direction, and 
interconnects transmitters of the second PACS router With 
receivers of the ?rst PACS router to complete the bi 
directional communications link. For eXample, netWork link 
5044 interconnects transmitters of PACS router 5021 With 
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receivers of PACS router 5023, and interconnects transmit 
ters of PACS router 5023 With receivers of PACS router 

5021. 
[0059] User equipment 506 is a superset of netWork 
devices 106 and user terminals 306, as described above and 
With reference to FIG. 1 and FIG. 3. It Will be clear to those 
skilled in the art hoW to make and use user equipment 506. 

[0060] PACS access link 508 combines the functionality 
of access link 108 and access link 308. Access link 108 and 
access link 308 are described above and With reference to 
FIG. 1 and FIG. 3. PACS access link 508 provides inter 
connection betWeen a PACS router, for example 5021, and 
user equipment 506. In some alternative embodiments, 
PACS access link 508 includes intermediate equipment such 
as a gateway sWitch, voice-over-IP access router, or access 
router betWeen PACS netWork 500 and user equipment 506. 
It Will be clear to those skilled in the art, after reading this 
speci?cation, hoW to make and use access links 508. 

[0061] Although PACS netWork 500 comprises four PACS 
routers, it Will be clear to those skilled in the art, after 
reading this speci?cation, hoW to make and use alternative 
embodiments of the present invention in Which PACS net 
Work 500 comprises any number of PACS routers. Further 
more, it Will be clear to those skilled in the art, after reading 
this speci?cation, hoW to make and use alternative embodi 
ments of the present invention in Which PACS netWork 500 
is interconnected to any number of user equipments 506. 

[0062] FIG. 6A depicts a block diagram of the salient 
aspects of a PACS router in accordance With the illustrative 
embodiment of the present invention. PACS router 502i 
comprises circuit-sWitching fabric 614i, packet sWitching 
fabric 610i, processor 620i, channeliZed high-speed link 608, 
and TDM interfaces 418. Processor 620i is connected With 
the packet-sWitching fabric 610i and the circuit-sWitching 
fabric 614i via control links 618. 

[0063] ChanneliZed high-speed link 608 provides connec 
tivity betWeen packet-sWitching fabric 610i and circuit 
sWitching fabric 614i. ChanneliZed high-speed link 608 is a 
chip-to-chip electrical interface, Which carries data in par 
allel format instead of in high-speed serial format. Chan 
neliZed high-speed link 608 logically comprises loW-speed 
circuit-channels and packet-channels betWeen packet 
sWitching fabric 610i and circuit-sWitching fabric 614i. It 
Will be clear to those skilled in the art, after reading this 
speci?cation, hoW to make and use alternative embodiments 
of the present invention Wherein channeliZed high-speed 
link 608 is a high-speed serial link. 

[0064] Circuit-switching fabric 614i is a matrix of elec 
tronic logic and sWitches that interconnect any one of N 
inputs to any one of M outputs Where the inputs and outputs 
are DSl signals. In the illustrative embodiment, N is equal 
to 256 and M is also equal to 256. It Will be clear to one 
skilled in the art, after reading this speci?cation, hoW to 
make and use alternative embodiments that comprise a 
circuit-sWitching fabric Wherein N and M are any positive 
integer. Further, it Will be clear to those skilled in the art, 
after reading this speci?cation, hoW to make and use alter 
native embodiments of the present invention Wherein the N 
inputs and M outputs of circuit-sWitching fabric 614i com 
prise: 

[0065] any asynchronous signal (e.g., DS0, DS1, 
DS3, etc.); or 

Sep. 8, 2005 

[0066] (ii) any SONET signal (e.g., STS-N, STS-Nc, 
etc.); or 

[0067] (iii) any combination of or (ii). 

[0068] The connectivity of the N inputs to the M outputs 
is controlled by processor 620i, Which is described beloW 
and With respect to FIG. 7. 

[0069] Circuit-switching fabric 614i provides several 
functions: establishing trunk-line connections betWeen 
packet-sWitching fabric 610i and packet-sWitching fabrics 
located in other PACS routers; sWitching loW-speed circuit 
channels arriving from one TDM interface 418 to another 
TDM interface 418; sWitching packet-channels that arrive 
from each of TDM interfaces 418 to channeliZed high-speed 
link 608. In conjunction With cross-connect fabrics of other 
PACS routers, circuit-sWitching fabric 614i can form semi 
static circuits, Which maintain their connectivity for periods 
that can exceed several months. 

[0070] Circuit-switching fabric 614i interfaces With 
packet-sWitching fabric 610i to provide efficient transport of 
services over PACS netWork 500, and to provide multiplex 
ing and restoration functions. PACS router 502i controls and 
manages the connectivity of circuit-sWitching fabric 614i 
using signaling and routing protocols described beloW and 
With respect to FIG. 7. 

[0071] Although the illustrative embodiment comprises a 
circuit-sWitching fabric, Which comprises a matrix of elec 
tronic logic, it Will be clear to those skilled in the art, after 
reading this speci?cation, hoW to make and use alternative 
embodiments of the present invention in Which an all-optical 
sWitching matrix is used instead of a matrix of electronic 
logic. 

[0072] Packet-sWitching fabric 610i is a matrix of elec 
tronic sWitches and logic circuitry. Packet-sWitching fabric 
610i receives a packet, reads the destination header of the 
packet, determines the next hop destination, and sends the 
packet out on the appropriate packet-channel or circuit 
channel in channeliZed high-speed link 608. 

[0073] Packet-sWitching fabric 610i is connected With user 
equipment 506 via PACS access link 508. Packet sWitching 
fabric 610i receives data for various services such as voice, 
internet, and video from the user equipment 506. Controlled 
by processor 620i, the packet-sWitching fabric segregates 
traffic and sends high-quality service packets such as voice 
to a circuit-channel and best-effort data to a packet-channel. 
The Packet-sWitching fabric 610i receives data from both 
packet-channels and circuit-channels arriving from channel 
iZed high-speed link 608 and routes packets to appropriate 
user equipment 506 via PACS access link 508. 

[0074] Packet-sWitching fabric 610i receives best-effort 
traffic and high-quality traf?c in the form of packets. Packet 
sWitching fabric 610i segregates these packets according to 
a quality of service requirement and/or destination. For 
example, and referring to FIGS. 5 and 6A, all packetiZed 
high-quality traf?c transmitted by PACS router 5021 Which 
has the ?nal destination of 5024 is grouped into a single 
packet ?oW, also knoWn as ForWarding Equivalency Class 
(FEC). This packet How is then fed into a circuit-channel 
inside netWork link 5041 that connects to PACS router 5042. 
Other packets that are to be routed through packet-sWitching 
fabric 6102 of PACS router 5022 are grouped into a different 
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FEC, which is fed into a packet-channel inside network link 
5041. PACS router 5021 determines the bandwidth necessary 
for each packet-channel and each circuit-channel depending 
on the traf?c volume to be carried on these channels. 

[0075] When a new high-quality traf?c request is received 
by PACS router 5021, PACS router 5021 ?rst determines 
whether there is an existing circuit-channel between PACS 
router 5021 and PACS router 5024 that has enough spare 
capacity for a new high-quality traf?c request that arrives at 
PACS router 5021 with the destination of PACS router 5024. 
If the existing circuit-channel has enough spare capacity, it 
is utiliZed to set up the call between PACS router 5021 and 
PACS router 5024. If, on the other hand, there is insuf?cient 
capacity on an existing circuit-channel to carry the requested 
high-quality traf?c, PACS router 5021 establishes a new 
circuit-channel between PACS router 5021 and PACS router 
5024 via, for example, PACS router 5022. 

[0076] As described above, and with respect to FIG. 5, 
each circuit-channel bypasses the packet-switching fabrics 
of all intermediate PACS routers in a high-quality traf?c 
circuit, thereby avoiding packet-forwarding delays that 
would be caused by the intermediate PACS routers. For 
example, a high-quality traf?c circuit established between 
PACS router 5021 and PACS router 5024, bypasses packet 
switching fabric 6102 of PACS router 5022, and thus avoids 
packet-forwarding delay that would be caused by interme 
diate PACS router 5022. In addition to the elimination of 
packet-forwarding delay at intermediate PACS router 5022, 
the packet-switching fabrics in each of PACS routers 5021, 
5022, and 5024 do not need to handle packets for high 
quality traf?c in a different manner than packets for best 
effort traf?c. This eliminates the complexity of providing 
high-quality traf?c transmission in PACS network 500. 

[0077] Normally, best-effort traf?c is routed in hop-by-hop 
fashion in PACS network 500. For example, best-effort 
traf?c transmitted from PACS router 5021 to PACS router 
5024 is ?rst routed from packet-switching fabric 6101 to 
packet-switching fabric 6102 via a ?rst packet-channel that 
interconnects packet-switching fabric 6101 to packet-switch 
ing fabric 6102. The best-effort traf?c is then routed again 
from packet-switching fabric 6102 to packet-switching fab 
ric 6104 via a second packet-channel that interconnects 
packet-switching fabric 6102 to packet-switching fabric 
6104. Network scalability suffers due to the two-stage nature 
of this type of traf?c routing. 

[0078] PACS network 500 enables an alternative type of 
traf?c routing, wherein a packet channel bypasses packet 
switching fabrics in intermediary PACS routers. For 
example, a packet channel comprising best-effort traf?c can 
be routed from PACS router 5021 to PACS router 5024 in a 
manner that bypasses packet-switching fabric 6102 of PACS 
router 5022. In this routing scheme, the packet-channel, 
which originates in packet-switching fabric 6101, passes 
through circuit-switching fabric 6141 of PACS router 5021 
and terminates at packet-switching fabric 6104 of the PACS 
router 502 4. This bypass routing scheme is particularly 
advantageous when there is suf?cient best-effort traf?c to 
justify the dedication of a packet-channel to this circuit (i.e., 
the packet-channel circuit between PACS router 5021 and 
PACS router 5024 as described in the example above). The 
bypass routing scheme enables better scalability, lower cost 
and higher reliability. 
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[0079] PACS network 500 makes use of IP-based signal 
ing such as MPLS (Generalized MPLS designed for appli 
cation in layers other than IP such as circuit) to set up the 
circuit-channel through PACS routers 5021, 5022, and 502 4. 
PACS router 5021 also uses IP based routing such as OSPF 
to decide the most appropriate route for the circuit-channel. 
For example, the route through PACS routers 5021, 5022, 
and 5024 may not have sufficient link capacity to set up a 
new circuit. Using protocols such as OSPF, PACS routers 
5021 through 5025 always maintain up-to-date databases for 
the availability and the status of network resources. Based 
on the network resources and cost associated with the links, 
PACS routers compute ef?cient routes for the channels. 
Then, using signaling schemes such as GMPLS, circuit 
channels are set up through the circuit-switching fabrics 
6141 through 6145 of PACS routers 5021 through 5025. 

[0080] A variety of known route optimiZation algorithms 
(e.g., Dijkstra, Bellman-Ford, Suurballe, K-shortest path) 
with up-to-date link state databases created and maintained 
by protocols such as OSPF are used to establish new packet 
and circuit-channels or use existing packet or circuit-chan 
nels to route traf?c efficiently. Best-effort data routing are 
typically be hop-by-hop using packet-channels like the 
traditional router network. PACS router 5021 aggregates 
best-effort data (particularly not sensitive to delay) into a 
packet-channel inside channeliZed high-speed link 608 
between packet-switching fabric 6101 and circuit-switching 
fabric 6141. The packet-channel is then routed via circuit 
switching fabric 6142 that is routed via packet-switching 
fabric 6102. Packet-switching fabric 6102 then determines 
the next hop and maps the best-effort data packets with other 
best-effort data originating in or passing through PACS 
router 5022 into another FEC that is fed into a second 
packet-channel originating from packet-switching fabric 
6102. The second packet-channel is routed from PACS 
router 5022 to PACS router 5024 where the second packet 
channel is terminated into packet-switching fabric 6104. 

[0081] If there is enough best-effort service traf?c that can 
be segregated between two distant PACS routers they can be 
mapped into a packet-channel routed through the circuit 
switching fabrics in intermediate PACS routers to create 
bypass packet-channels that bypass packet-switching fabrics 
in one or more intermediate PACS routers. The ?exible 
means of hop-by-hop or bypass routing of packet-channels 
provides a means of more ef?cient and better performing 
routing of best-effort services as well without adding any 
constraint in the network. There are several ef?cient known 
routing algorithms that can be used to make a decision on 
whether to utiliZe hop-by-hop packet-channels or bypass 
packet-channels for best-effort data. 

[0082] Processor 620i is a general purpose processor and 
control system comprising digital logic, a fabric control 
system, memory, data bases, software, protocols, and algo 
rithms which are required for communicating with other 
PACS routers and maintaining desired connectivity for both 
packet fabric 610i and circuit-switching fabric 614i. Proces 
sor 620i is described below and with respect to FIG. 7. 

[0083] TDM interfaces 418 provide connectivity between 
PACS router 502i and other PACS routers through network 
links 504i, and connectivity between PACS router 502i and 
user equipment 506. TDM interfaces also provide demulti 
plexing of high-speed signals such as OC-48 or OC-192 
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arriving from network interface 504i to feed to the circuit 
sWitching fabric 614i; multiplexing of loW-speed signals 
arriving from circuit-sWitching fabric 614i into high-speed 
signals such as OC-48 and OC-192 to be transmitted over a 
network link 504i in preparation for transport to cross 
connect fabrics located in other PACS routers. 

[0084] FIG. 6B depicts a block diagram of the salient 
aspects of a PACS router in accordance With an alternative 
embodiment of the present invention. In the alternative 
embodiment, PACS router 502i further comprises voice 
sWitch 312i and media gateWay 622i. Voice-sWitch 312i is 
connected to the circuit-sWitching fabric via trunk link 318. 
Processor 620i is connected to circuit-sWitching fabric 614i, 
packet-sWitching fabric 610i, and voice-sWitch 312i via 
control links 618. Media gateWay 622i is connected With 
voice-sWitch 312i and packet-sWitching fabric 610i via trunk 
link 318 and PACS access link 508, respectively. 

[0085] In the alternative embodiment, voice-sWitch 312i is 
a Class V sWitch, Which connects voice telephones and other 
voice circuit devices directly to PACS router 502i. In some 
other alternative embodiments, voice-sWitch 312i is an alter 
native voice-sWitch such as a private automatic brunch 
exchange commonly knoWn in the industry as PABX. 

[0086] Media gateWay 622i comprises electronic logic for 
converting voice circuits into packets, and transmitting the 
converted packets to packet-sWitching fabric 610i. Media 
gateWay 622i also converts packets carrying high-quality 
traf?c into voice circuits and send to the voice-sWitch 312i. 
Processor 620i determines if a call originating from user 
terminal 308 is to be connected at the other end to a user 
terminal, Which is connected to another voice-sWitch 312]- in 
PACS netWork 500. The voice-sWitch then connects the 
voice circuit directly to the circuit-sWitching fabric 614i via 
trunk link 318. If processor 620i determines that the call is 
to be connected to a netWorking device connected to a 
netWorking device 106, Which is connected to an IP router 
102j in IP netWork 102 or to a PACS router 502]- in PACS 
netWork 500, then voice-sWitch 312]- connects the voice 
circuit to media gateWay 622i via trunk link 318. 

[0087] Circuit-switching fabric 614i routes the voice cir 
cuit received from voice-sWitch to another PACS router 502] 
directed by processor 620i via control link 318. 

[0088] Media gateWay 622i converts voice signals from 
circuit format into packet format, and sends the packets (i.e., 
the converted voice signals) to packet-sWitching fabric 610i. 
Packet-sWitching fabric 610i sWitches the packets into an 
appropriate circuit-channel Within channeliZed high-speed 
link 608 to be routed to another PACS router via circuit 
sWitching fabric 614i. 

[0089] FIG. 7 depicts a block diagram of the salient 
aspects of processor 620i in accordance With the illustrative 
embodiment of the present invention. Processor 620i com 
prises fabric controller 712i, protocol processor 714i, and 
memory 716i. Memory 716i includes link-state database 
720i, routing table 7321, and topology database 724i. Pro 
tocol processor 714i and fabric controller 712i are connected 
to memory 716i via data links 718. 

[0090] Fabric controller 712i comprises digital logic and 
provides the control signals sent to con?gure packet fabric 
6101, circuit-sWitching fabric 614I and voice-sWitch 312i. 
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Fabric controller 712i provides the control signals in 
response to call control messages received from protocol 
processor 714i. 

[0091] Memory 716i is a general-purpose memory cell 
Well-knoWn to those skilled in the art. Memory 716i contains 
protocols and databases, Which are necessary for the proper 
operation of PACS router 502i in PACS netWork 500. These 
protocols and databases include link-state database 720i, 
topology database 724i, and routing table 722i. 

[0092] Protocol processor 714i comprises control logic 
and generates call control messages in response to connec 
tivity requests generated by user equipment 506. User equip 
ment 506 makes use of a variety of signaling means such as 
Session Initiation Protocol (SIP) for call (also knoWn as 
session) connection in PACS netWork 500 to generate call 
control messages. Packets marked as control packets are 
utiliZed to carry signaling and other control messages. 
Packet-sWitching fabric 610i sends signaling packets 
received from user equipment 506 to protocol processor 
714i. 
[0093] Protocol processor 714i receives data from topol 
ogy database 724i, link state database 720i and routing table 
722i. With the received data and the requested call set up 
message received from packet-sWitching fabric 610i, proto 
col processor 714i computes the call route and generates 
fabric control messages for PACS router 502i and PACS 
router control messages for PACS routers 502]- to set up the 
call. Protocol processor 714i sends fabric control messages 
to fabric controller 712i and sends router control messages to 
packet-sWitching fabric 610i. Router control messages are 
embedded in packets addressed to appropriate target PACS 
router 502]-. 
[0094] Protocol processor 714i uses tWo types of router 
control messages. A ?rst type of router control messages are 
used to route circuit-channels that start at the call originating 
PACS router 502i, pass through the circuit-sWitching fabrics 
of a set of intermediate PACS routers 502]- through 502i and 
terminate at a PACS router 5021. Protocol processor 714i 
uses second types of router control messages to route 
individual packets over packet-channels that start at the call 
originating PACS router 502i, pass through the all the 
circuit-sWitching fabrics over packet-channels and one or 
more packet-sWitching fabrics of a set of intermediate PACS 
routers 502]- through 502i and terminate at a PACS router 
502D. 
[0095] While a circuit-channel never passes through the 
packet-sWitching fabrics of the intermediate PACS routers, 
both circuit-channel and packet-channel are originated from 
the packet-sWitching fabric of the service originating PACS 
router 502i and are terminated at the packet-sWitching fabric 
of the service terminating PACS router 502m. 

[0096] It is to be noted that there is a scenario in Which a 
circuit-channel may not pass through the packet-sWitching 
fabrics at the originating and terminating PACS routers. 
With respect to FIG. 6B, if a call is started at the voice 
sWitch 312i and ends at another voice-sWitch 312n then there 
is no need for the call to be converted into packet by the 
media gateWay 622i. In this type of router con?guration, 
processor 620i sends the call directly via circuit-sWitching 
fabric 614i. 
[0097] A router control message consists of connection 
messages for circuit-sWitching fabric indicating Which input 
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should be connected to Which output and packet routing 
messages for the packet-sWitching fabric. Packet routing 
messages include Open Shortest Path First (OSPF) protocol 
messages in Which netWork connectivity information such as 
link state database information is transmitted from one 
PACS router to other. 

[0098] Neighbor discovery is a mechanism by Which a 
PACS router communicates With every PACS router that is 
directly connected via netWork link 504i. TDM interface 418 
on a netWork link 504i sends and receives neighbor discov 
ery messages via SONET overhead bytes to generate neigh 
bor connectivity information. The neighbor connectivity 
information is received by the protocol processor 714i via 
packet sWitching fabric 610i. Protocol processor Writes the 
entire neighbor connectivity information into the link-state 
database 720i. 

[0099] Protocol processor 714i distributes neighborhood 
connectivity information of PACS router 502i using OSPF 
messages. OSPF Was developed for Working With traditional 
routers. A modi?ed OSPF knoWn as OSPF-TE (Traf?c 
Engineering) Was developed to be used With other types of 
netWorks. OSPF-TE can be used for sending link-state 
information Where links include both packet and circuit 
channels. 

[0100] Protocol processor 714i receives neighborhood 
connectivity information via packet routing messages from 
every other PACS router connected in PACS netWork 500 
and Writes the information into topology database 724i. In 
addition, Whenever there is a change in a link status such as 
connecting input to out in circuit-sWitching fabric in 
response to neW call set up, eXisting call tear-doWn, and 
addition of best-effort service calls in an eXisting packet 
channel in a packet-sWitching fabric, processor 714i sends 
update messages to every other PACS router. Processor 714i 
also Writes the link status change information into topology 
database 724i. Thus, topology database 724i alWays main 
tains up-to-date information on netWork connectivity, link 
status, link usage status, type of channels (circuit or packet) 
Within a link, and usage status of circuit and packet-channels 
in all links in PACS netWork 500. It Will be clear to those 
skilled in the art, after reading this speci?cation, hoW to 
make and use embodiments of the present invention Wherein 
many link status changes are collected and sent together 
When a pre-determined threshold is reached. In this Way, a 
proper balance of the frequency of status change messages 
and optimality of netWork capacity usage can be maintained. 

[0101] Protocol processor 714i uses routing algorithms to 
compute optimal routes for packets With different destina 
tion addresses and quality of service required that are 
contained in the packet overhead. Optimal route computa 
tion includes determination of neXt hop PACS router for 
best-effort packets; Whether to use an existing packet-chan 
nel for best-effort services; Whether to use an existing 
circuit-channel for high-quality services; Whether to create a 
neW packet-channel for best-effort services; and through 
Which intermediate PACS routers and netWork links neWly 
computed circuit and packet-channels should pass. Protocol 
processor 714i sends appropriate router control messages to 
other PACS routers to con?gure circuit-sWitching and 
packet-sWitching fabrics to establish neW circuit and packet 
channels. 

[0102] Based on neXt hop router computation for best 
effort services, processor 714i Writes neXt hop information 

Sep. 8, 2005 

into routing table 722i. When a best-effort data packet 
arrives at packet-sWitching fabric 610i, fabric controller 
looks up routing table to determine neXt hop and the 
packet-channel to be used for sending the packet to the neXt 
hop PACS router. The mechanism of routing table lookup, 
instead of computation every time a packet needs to be 
forWarded, enables packet-sWitching fabric 610i to forWard 
millions of packets every second. Fabric controller 712i uses 
data link 718 for routing table lookup. 

[0103] When PACS router 502i detects a failure on one of 
its associated netWork links (e.g., 504i_1 or 504i, as described 
above and With respect to FIG. 6A) or on one of its TDM 
interfaces 418, PACS router 502i sends a failure detection 
message to protocol processor 714i. Protocol processor 714i 
reads data from topology database 722i and determines if 
there is enough idle capacity or best-effort traf?c that can be 
pre-empted in other netWork links in PACS netWork 500. 
Protocol processor 714i then computes one or more alternate 
routes via circuit-sWitching fabrics in other PACS routers, 
sends routing messages to the PACS routers on the alternate 
routes. These routing messages instruct the PACS routers to 
con?gure their circuit-sWitching fabrics such that failed 
services originally being transported over the failed link are 
restored. This restoration mechanism, using only circuit 
sWitching fabrics in PACS routers, results in fast and robust 
restoration of high-quality traf?c. 

[0104] In some alternative embodiments, packet-sWitch 
ing and circuit-switching fabrics are loosely coupled, 
Wherein a stand-alone packet-sWitching router and a stand 
alone circuit-sWitching cross-connect system are connected 
via high-speed electrical or optical links and control links. 
Control links provide the means of data transport and control 
mechanism required for the tWo packet-sWitching and cir 
cuit-sWitching fabrics to Work in harmony as described in 
the illustrative embodiment. 

[0105] It is to be understood that the above-described 
embodiments are merely illustrative of the present invention 
and that many variations of the above-described embodi 
ments can be devised by those skilled in the art Without 
departing from the scope of the invention. For eXample, in 
this Speci?cation, numerous speci?c details are provided in 
order to provide a thorough description and understanding of 
the illustrative embodiments of the present invention. Those 
skilled in the art Will recogniZe, hoWever, that the invention 
can be practiced Without one or more of those details, or With 

other methods, materials, components, etc. 

[0106] Furthermore, in some instances, Well-knoWn struc 
tures, materials, or operations are not shoWn or described in 
detail to avoid obscuring aspects of the illustrative embodi 
ments. It is understood that the various embodiments shoWn 
in the Figures are illustrative, and are not necessarily draWn 
to scale. Reference throughout the speci?cation to “one 
embodiment” or “an embodiment” or “some embodiments” 

means that a particular feature, structure, material, or char 
acteristic described in connection With the embodiment(s) is 
included in at least one embodiment of the present invention, 
but not necessarily all embodiments. Consequently, the 
appearances of the phrase “in one embodiment,”“in an 
embodiment,” or “in some embodiments” in various places 
throughout the Speci?cation are not necessarily all referring 
to the same embodiment. Furthermore, the particular fea 
tures, structures, materials, or characteristics can be com 
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bined in any suitable manner in one or more embodiments. 
It is therefore intended that such variations be included 
Within the scope of the following claims and their equiva 
lents. 

What is claimed is: 
1. An apparatus comprising: 

(1) a ?rst device, Wherein said ?rst device is a device for 
sWitching a circuit channel; 

(2) a second device, Wherein said second device is a 
device for sWitching a packet channel; and 

(3) a ?rst processor; 

Wherein said ?rst processor, said ?rst device, and said 
second device are coupled; 

Wherein said ?rst processor routes a signal through one of 
said ?rst device and said second device based on a 
parameter of said signal; and 

Wherein said signal is one of said circuit channel and said 
packet channel. 

2. The apparatus of claim 1 further comprising a ?rst 
interface for connecting said ?rst device to a third device, 
Wherein said third device is a device for sWitching a circuit 
channel. 

3. The apparatus of claim 2 further comprising: 

said third device; 

a fourth device, Wherein said fourth device is a device for 
sWitching a packet channel; and 

a SGCOIld processor; 

Wherein said second processor, said third device, and said 
fourth device are coupled, and Wherein said ?rst device 
and said third device are connected via said ?rst 
interface. 

4. The apparatus of claim 1 Wherein said parameter is 
selected from the group consisting of required quality-of 
service, required latency, required reliability, and required 
priority. 

5. The apparatus of claim 1 Wherein said ?rst processor 
comprises a database for storing netWork information. 

6. The apparatus of claim 1 Wherein said ?rst processor 
comprises a netWorking protocol, Wherein said netWorking 
protocol routs said circuit channel and said packet channel 
via said ?rst device and said second device based on said 
?rst parameter. 

7. The apparatus of claim 1 further comprising a media 
gateWay, Wherein said media gateWay converts a voice 
signal betWeen circuit format and packet format. 

8. The apparatus of claim 7 Wherein said ?rst processor 
comprises a voice-signal-routing protocol, Wherein said 
voice-signal-routing protocol routs a voice signal to one of 
said ?rst device and said media gateWay. 

9. The apparatus of claim 1 further comprising a voice 
sWitch, Wherein said voice-sWitch is selected from the group 
consisting of a SESS sWitch, a class V sWitch, a frame-relay 
sWitch, and an ATM sWitch. 

10. A netWork comprising: 

(1) a ?rst PACS router, Wherein said ?rst PACS router 
comprises; 

(a) a ?rst circuit-sWitching fabric; 
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(b) a ?rst packet-switching fabric; 

(c) a ?rst processor; and 

(d) a ?rst interface for connecting said ?rst circuit 
sWitching fabric to a second circuit-sWitching fabric; 

Wherein said ?rst processor, said ?rst circuit-sWitching 
fabric, and said ?rst packet-switching fabric are 
coupled; 

Wherein said ?rst processor routes a signal through one 
of said ?rst circuit-sWitching fabric and said ?rst 
packet-switching fabric based on a parameter of said 
signal; and 

Wherein said signal is one of said circuit channel and 
said packet channel; 

(2) a second PACS router, Wherein said second PACS 
router comprises; 

(a) said second circuit-sWitching fabric; 

(b) a second packet-switching fabric; and 

(c) a second processor; and 

Wherein said second processor, said second circuit 
sWitching fabric, and said second packet-switching 
fabric are coupled; 

Wherein said second processor routes a signal through 
one of said second circuit-switching fabric and said 
second packet-switching fabric based on a parameter 
of said signal; and 

Wherein said ?rst circuit-sWitching fabric and said 
second circuit-sWitching fabric are connected via 
said ?rst interface; 

(3) a ?rst circuit-channel for carrying high-quality traf?c 
betWeen said ?rst PACS router and said second PACS 
router; and 

(4) a ?rst packet-channel for carrying best-effort traf?c 
betWeen said ?rst PACS router and said second PACS 
router. 

11. The netWork of claim 10 Wherein said ?rst PACS 
router further comprises a voice-sWitch, and Wherein said 
?rst voice-sWitch is selected from the group consisting of a 
SESS sWitch, a class V sWitch, a frame-relay sWitch, and an 
ATM sWitch. 

12. The netWork of claim 11 Wherein said ?rst PACS 
router further comprises a media gateWay for connecting 
said voice-sWitch to said ?rst packet-switching fabric. 

13. The netWork of claim 10 Wherein said ?rst PACS 
router further comprises a restoration protocol, Wherein said 
restoration protocol reroutes at least one of said ?rst packet 
channel and said ?rst circuit-channel in response to detec 
tion of a netWork link failure. 

14. A method for routing best-effort traffic and high 
quality traf?c in a communications netWork comprising 
routing a ?rst signal to one of a circuit-sWitching fabric and 
a packet-switching fabric based on a parameter of said ?rst 
signal. 

15. The apparatus of claim 14 Wherein said parameter is 
selected from the group consisting of required quality-of 
service, required latency, required reliability, and required 
priority. 



US 2005/0195815 A1 
11 

16. The method of claim 14 further comprising: 

combining said ?rst signal and a second signal to com 
pose a third signal, Wherein said ?rst signal and said 
second signal have a service quality requirement 
greater than a ?rst threshold; 

determining the capacity requirement of said third signal; 

determining available capacity of a ?rst circuit-channel; 
and 

mapping said third signal onto said ?rst circuit-channel 
When the available capacity of said ?rst circuit-channel 
is greater than the capacity requirement of said third 
signal. 
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17. The method of claim 16 further comprising: 

determining the available capacity of a second circuit 
channel; and 

mapping said third signal onto said second circuit-channel 
When the available capacity of said second circuit 
channel is greater than the capacity requirement of said 
third signal and the available capacity of said ?rst 
circuit-channel is less than the capacity requirement of 
said third signal. 

18. The method of claim 14 further comprising mapping 
best-effort traf?c onto a packet-channel, Wherein said best 
effort traffic has a service quality requirement beloW said 
?rst threshold. 


